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ABSTRACT

The significance of this research and development to the Air Force is that
a dual stage signal processor system has been developed which has a poten-
tial capability of achieving output data rates exceeding 2 Gbit/sec. The
design is realized by a state-of-the-art solid state stage and an Electron-
Beam-Semiconductor signal processor assembled in series, The former
is fabricated from commercially available IC logic chips and has been
efficiently interfaced with the EBS processor, The solid state processor
multiplexes 64 ns input data pulses into 8 ns pulses to drive the EBS signal
processor. The latter multiplexes 8 ns data pulses from 16 input lines

into a single output, In this approach, information is placed on the electron
beam and read out at the semiconductor target, Output pulse amplitude of

one volt into 50 (I and a pulse width of 0. 5 ns has been achieved,
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SECTION I

INTRODUCTION

In millimeter wave communication systems, PIN diodes are commonly used
as modulators in biphase phase shift keying systems. Present state-of-the
art silicon device technology has made possible the development of PIN-
diodes with switching speeds approaching 2 Gbits/sec. However, data rates
higher than 1 Gbit/sec have not been possible because of the power-frequency
limitations of transistor drivers, This report describes the design and de-

velopment of an Electron-Beam-Semiconductor (EBS) signal processor that
is potentially capable of achieving more than 2 Gbit/sec output data rate and

should provide sufficient output current to drive a PIN-diode at these rates.

The primary design goal is to obtain output pulses of 0, 5 ns minimum width
and 1V amplitude into 500 load. The desired pulse rise-time is 0,1 ns,

To make the design compatible with solid state logic circuitry and provide
for ability to process data from more than 100 lines, a dual stage processor
system is designed which consists of a solid-state and an electron-beam
processor. The latter includes a pencil-heam electron gun, a beam modu-
lation system, and a single semiconductor target designed for SGHz band-
width, Information is placed on the electron beam and is read at the target
as described in Section lI. The solid state processor multiplexes 128 data
lines into 16 and provides the data and the RF power to the e-beam pro-

cegsor inputs,

In addition to wide bandwidth, our EBS signal processor design offers con-
siderable versatility, Higher output data rates can be achieved by increas-
ing the input RF frequency and data rate, At still higher input frequencies,
the target may be exchanged with a higher bandwidth device to increase the
output data rate, ‘Furthermore, the EBS processor provides for complete

isolation of the output from the ir.put, The single diode target design offers

high yield in fabrication, processing, and target replacement,




SECTION II

TECHNICAL APPROACH

The design approach to the e-beam signal processor system described in
this report stems from our understanding of the basic function of a signal
processor, as depicted in Figure 2.1, The processor output signal drives
a PIN-diode modulator at data rates of 2 Gbit/sec or higher. The drive
signal is produced by the interaction of an electron beam with a semicon-
ductor target, At the pracessor iziputs, a set of e-beam address-pates
are used to place information on the electron beam and hence produce the

desired data pattern at the output.

The program goal is to multiplex 64 ns-wide data pulses iuto 0,5 ns-wide
pulses at the processor output, We achieve this in two processing stages:

a state-of-the art solid state stage, and an e-beam signal procussor assem-
bled in series. The 0.5 ns minimum output pulse-width is determined from
the PIN-diode modulator response limitations - the switching speed of thz
present state-of-the art PIN diodes does not exceed 2 Gbit/sec,  The input
minimum pulse-width of 64 ns is chosen from the following considervations:

(1) design and fabricate the solid state processor frem commercially avail-
able off-the-shelf integrated circuit packages so that development costs

are kept at a minimum, (2) provide ﬂw e~-beam pi‘bcesamz with ?.", n <4,

data inputs in order to make the device compatible with cémmercial high

speed solid state logic circuits, and (3) keep the input RF frequency suf-
ficiently low so that the power levels required for beam modulation and | _
addressing could be attained with little difficulty and at low cost. The

system design approach is described below,

2,1 E-BEAM PROCESSOR

Figure 2,2 shows a schematic presentation of the e-beam processor desipgn
approach, The device includus (1) a CRT-type electron gun which produces

a pencil beam, (2) a deflection system which launches the beam into conical
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rotation about the processor center axis, (3) a gate structure for addressing
the beam, (4) an Einzel lens which bends and focuses the beam onto the tar-
get, (5) a semiconductor target which, when bombarded by the beam, pro-
vides the output signal, and (6) a funnel which further focuses and aligns

the beam onto the target,

The processor operates in the following manner: the electron gun is biased
to provide an electron beam along the axis. A sinusoidal signal (125 MHz)
on the deflection system causes the beam to go into conical rotation, i.e.,
once the beam exits the deflection system, it traces a circle in any plane
perpendicular to the center axis. The gate structure consists of 16 pairs

of deflection plates mounted in a ring concentric with the center axis, and.
each pair of plates is a beam address-gate. As indicated in Figure 2,2,

the electron beam emerges from the deflection system with the proper angle
to go through the address~gates. Then it enters the Einzel lens and is bent
and focused onto the target. If an information signal is present on an address-
gate when the beam goes through it, the beam gets deflected off the target
and a pulse appears at the output, It is also possible to operate in the
opposite mode, that is, the beam is off the target in the absence of a gate

signal and on the target when there is a gate signal,

2,2 SOLID STATE PROCESSOR

The solid state processcr provides the RI sif .l for the beam-rotation
deflectio~ .ystem aud the data for the address-gates of the e-beam proces-
sor, The oscillator is tuned to the beam rotation frequency of 125 MHz,
With 16 beam address-gates, the solid state processor would include 16
multiplexers, with ecach one multiplexing 8 input data lines into one output
line terminated a. an address-gate. Only one multiplexer section is built
under this contact, Figure 2,3 illustrates the solid state processgo: s gn
concept. The synchronous counter shown in the figure binarily divides

*he oz;cillator output by 8 to supply the line-select signals for the multi-

plexers, This scheme ensures that the outputs of the oscillator and the
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Figure 2.3, Block diagram presentation of solid-state processor design, :
The processor multiplexes 128 input lines into 16, :
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multiplexers are synchronized and hence the data is read at the e-beam
processor in correct sequence and timing. To interface the solid state
processor with the e-beam processor, amplifiers are used at the outputs

of the oscillator and the multiplexers, as indicated in Figure 2.3

The dual stage data processing sequence is achieved in the following manner,
A set of 128 input lines are multiplexed into 16 lines by 16 multiplexers that
are connected tc the 16 e-beam address-gates, Muitiplexer #1 processes
th: eight input lines #1, 17, 33, 49,.....,113; multiplexer #2 is addressed
by lines #2, 18, 34, 50,....., 114; multiplexer #3 processes input lines

#3, 19, 35, 51,.....115; and so on; multiplexer #16 has input lines #16, 32,
48, 54,.....,128, Assume time zero begins when the beam just enters
address~gate #1, The information on line #1 (multiplexer #1) is now trans- |
mitted to the beam, After about 0,5 ns, the beam enters address-gate #2
and receives the information on line #2, After another 0,5 ns, the beam
enters the address-gate #3 and is addressed by the information on line #3,
and so on through 16, Thus at time t = 8 ng, the beam is back at the input

of address-gate #1 and reads the information on line #17, Att = 8,5 ns,

the beam enters the address-gate #2 and receives the information on line
#18, Att = 9 ns, the information on line #19 is read in, and so on through
32, In the next 8 ng, bits #33 through 48 are processed. Thus in eight
beam revolutions, i.e,, 64 ns, 128 bits on the 128 input lines are read-in,
Since it is desirable to have the sampling of each bit occur at a reasonable
time interval from the beginning and from the end of the data pulse, itis
suggested that the data on lines 65 through 128 be delayed by 25 ns relative

to data on lines 1 thvough 64, as indicated in Figure 2, 3.




SECTION III

E-BEAM PROCESSOR DESIGN AND FABRICATION

Figure 3.1 shows the schematic of the demountable E-Beam Signal Processor
system, including 4 demountable "0'" type flanges allowing the removal or
adjustment of the electron gun (left), the 16-gate system and/or deflection
magnifier (central left), the Einzel-lens system (middle right) and the tar-
get funnel system (right), The different components inside the demountable

E-Beam Signal Processor will be discussed in the following.

3.1 THE ELECTRON GUN

The electror gun is an oxide cathode CRT type slectron gun, 'Figure 3.2
shows the schematic of the electron gun. Three different types of electron
guns are av.ilable, giving similar results when current and resolution are
compared., They are different from each other in the final aperiures listed
as A, B and C in Tigure 3,2. The electrodes, from left to right, are as
follows: grid (voltag2 up to - 200V /cathode), lower (or first) anode (volt-
age up to + 4 kV/cathode), focus,and upper anode (grounded). Due to the
lungth of the lower a.od~ barrel, a lower magnification ratio was achieved
without an appreciable decrease in the net current output of the gun, A spot
size of less than 1 mm was obtained at the 16-gate system position, the
current measured at the target position was in excess of 100 uA, The
‘ratio hetween cathode current and final beam current was measured to be

less h\an'ib- under so..ae conditions, less than 15,

The electror beam exiting the electron gun is slightly convergent, with a

maximum diameter correstonding to the "C" diameter {, 067" maximum).

3.2 CEFLECTION SYSTEM

Satisfactory operation ol the signal processor very critically depends on the
genarativn of perfect conical beam rotation. Three methods have been

used to produce conical beam rotation, Since magnetic deflection at 125 MHz

R R T~
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is difficult to achieve, electrostatic deflection had to be used. The classical

double pair of horizontal and vertical deflection plates was inadequate: the

centers of deflection of the two pair of plates are physically apart; hence,
one can generate a circle only in one chosen plane perpendicular to the

center axis - the rotation pattern is elliptical in any other plane,
i

Another system which gave satisfactory results consisted of three pairs of
deflection plates, say, horizontal-vertical-horizontal deflection plates.
Analytical results indicated that by proper design it is possible to have the
center for horizontal deflection coincide with that for vertical deflection for
small deflection angles. The system would therefore achieve the desired conical
beam rotation, i.e., a circular beam rotation pattern in any plane perpendicular

to the center axis, The design and theoretical analysis is given in Appendix I,

A problem with optimal operation of a system of three pairs of deflection
;“,plates is that the beam mayzhave an appreciable deflection when it enters

_,' the third pair of plates and :the gap between these plates must be sufficiently

~ large to insure the beam doms not get cut-soff. In addition, if the beam does
get through, some distortion will result because of the leakage fields at the
‘edges of the plates, To minimize these problems, it is necessary to allow
for a smaller cone angle, i, e,, make the distance from the deflection sys-
tem to the gates large, and increase the gaps on the horizontal deflection

plates. The latter, in turn, requires more input drive power,

In order to achieve a larger cone angle and eliminate the distortion problems
mentioned above, a new deflection system called def‘lectronl was considered, |
Theoretical and experimental results showed that more than 2000V was
necessary on each axis of the deflectron to produce the required deflection

~ with a 10 kV electron beam. This was achieved with a very high Q resonant

circuit, but adjustments for the proper amplitude and phase on both axes

were too critical for practical npplications, Moreover, the coupling between
the two axes was excessive, These problems were solved by using a deflec-

tion amplifier, as schematically represented in Figure 3, 3,

12
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Figure 3,4 shows the actual device mounted in position for assembly., The
electron gun is shielded into the metal cylinder on the left side of the pic-
ture., The deflectron is the short cylinder mounted just to the right of it,
The deflection cone is in the center of the picture and the center pin is sup-

ported by the 16-gate system (right side), as shown,

Figure 3.5 shows the subassembly of the deflectron on top of the metal

L
cylinder used for the electron gun alignment, Figure 3.6 shows the center
pin supported by the 16-gate system, and Figure 3, 7 shows the subassembly

of the cone of the deflection magnifier,

The deflectronhas two detlection axes which require two equal RF signals
with about 90° phase difference in order to generate conical beam rotation.
In order to obtain sufficient deflection, the two axes should be resonated

at the desired frequency and the coupling between the two axes need also

be tuned out. Since it is not advisable to have any of the tuning components
ingide the vacuum system, a triangular deflection box was built on the lower
neck of the E-Beam Processor which contains the necessary deflection
circuits, schematically represented in Figure 3.8, There are two tank-
circuits, one compensation network to reduce coupling between the two

axes of deflection, and two dc correction networks, The three variable,
high voltage quartz trimmers have been adjusted for a frequency of 126 MHz,
Coupling between the two tank circuits has been reduced to a minimum for
that fregquency, The three trimmers can be adjusted externally to the de-

flection box,

3.3 DEFLECTION-ADDRESS-GATES

This structure is made in annular cone sections and consists of a grounded
metal piece with 16 metal plates mounted around it in the form of a ring,
Figure 3.9 shows a schematic cross section of a gate structure, The
structure is precision-mountcd to have its center axis ajigned with the

axis of the gun and the duflectron,

14
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Figure 3.5,

Deflectron mounted on top of the electron gun insertion tubing,
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Figure 3,6, Center pin of the deflection magnifier supported by the gate assembly.
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Subassembly of the deflection mangifier core,

e

Figure 3,7,
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In each rotation cycle the electron beam reads the; data on ail the gates,

That is, during each cycle, a number of vits equal to the nuraber of address
gates appears at the target output. The output data rate is therefore equal
to the beam rotation frequency times the number of address gates. Hence,
for 16 gates and beam rotation at 125 MHz, the output data rate is 2 Gbits/
sec. The time period that each gate operates on the beam in cne rotation
cycle is T/N, where T is the period of rotatio and N is the number of gates,
For our design T = 8 ns, N = 16, and T/N = 0.5 ns, i,e., the pulse width
for each hit at the target output is about 0.5 ns. Since one bit is read from
each gate in one period T, data must arrive at each gate at the rate of

1/T = 125 Mbits /sec.

In order to make the design compatible with high speed solid state logic
circuits, the number of gates was chosen a bicromial 2", withn = 4, i.e,,
16 gates, the beam rotation frequency is 125 MHz and it was felt that the
design and fabrication of the solid state processor tc drive the e-beam
processor could be achieved without much difficulty, With n £ 5, the solid
state processor would be costly and difficult to fabricate, Withn 25, the

realization of the e-beam processor would become difficult, -

" The design requirements for the addruss gates are: (1) the width of #ach

gate plate must exceed five beam widths, (2) the separation between two_' )
adjacent gates should be about one beam width, These restrictions insure
A pulse rise-time of less than 0.1 a8 and pulse width_ of ~0.5 ns at the tar-
get, as required in the program, (3) the coupling between gates should be c
minitnized by using ground planes inbetween adjacent plates, (4) the cap-
acitance of each gate should be kept to less than 10 pf in order to facilitate

the loading of 8 ns input data pulses. Figures 3,10a and b show the first

16-gata system constructed, Note that 5 mil thick "fins' have been intro-

duced between the single gates, so as to wminimize the coupling from gate |

to gate. Figure 3,11 shows the display obtained on a phosphor screen
located bohind the 16 gate system. The beamn voltage was 7.8 kV, beam
current on the screen lowered to 10 yA, Eight gates were tied to ground

potential (the center cone is grounded), The other 8 gates were tied
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Figure 3,10, First deflection-address system (front view),
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together, and some dc voltage applied. By increasing this dc voltage,
alternate gates displayed a deflected electron beam, On the lower right
picture, sufficient voltage was applied to the gates in order to remove the
beam totally from the screen. Note that the elliptic display observed on
the screen (see, for example, upper left picture in Figure 3.11) is not
only due to the angle at which the pictures were taken, but also due to the
non-common center of deflection, Furthermore, these pictures and the

experiments carried out showed:

a) a common center of deflection for all axes, especially x and y-axes,
is absolutely necessary,

b) the switch voltage for the gates had to be reduced, thus requiring an
increase of the length of the gates and/or a decrease of the gate to
ground spacing.

c) the signal on the screen does not seem to be sharp enough to fulfill
the requirement of a 0.1ns rise time on the target., Thus, the spacing

between gate and fin had to be reduced.

Figure 3, 12a and 3, 12b show the final 16-gate system with increased gate
length, slightly decreased gate to ground spacing,and reduced spacing be-
tween gates and fins. Note that the center pin has not been assembled onto

the gate system,

Finally, Figure 3,13 shows the gate system inserted into the demountable

E.Beam Signal Processor,

The spacing between gate and ground plane has been reduced to about 62 mils,

The capacity of a gate with reapect to ground is about 8, 9 pf.

3.4 EINZEL LENS

The Einzel lens is a three aperture or a three cylinder strong lens, Its
function in the processor is to bend and focus the conically rotating beam

onto the target. The lens should be designed for very low spherical
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Final gate structure, beam entrance side,
25

Figure 3,12a.




FFigure 3,12b, Final gate structure, beam exit side
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Figure 3,13,

Final gate system inserted into the demountable e-beam processor,
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aberration and its center axis should be exactly aligned with the axis of the
processor. If the beam rotation pattern is elliptic rather than circular, the
beam could not be focused onto the target from all azimuthal positions.
Similar results will follow with even perfect conical beam rotation if the
lens is misaligned, and especially so if the lens exhibits large spherical
aberration, The latter causes another problem which can only be solved

by changing the lens design: the variation of the lens focal length across the
diameter of the beam will produce a cross-over point in front of the target
plane. Hence the beam reaches the target diverging, We have observed
this behavior experimentally by putting a phosphor screen in place of the

target plate,

Aberration becomes worse as one moves away from the center of the lens.
Hence, to reduce aberration problems, the lens radius must be made about
twice the radius of beam rotation where the beam enters the lens. Also,
the theoretical results of El-Kareh et al, 2,3 may be used to design a lens
with low spherical aberration, A lens fabricated on their results showed

good focusing characteristics,

The positionof the Einzel lens in the processor is shown in Figure 3, 1,
Figure 3, 14 gives the lens data, The first lens used in the tube had a
shorter and larger-diameter inner electrode, However, with the cathode
at - 10 kV, about - 15 kV was needed to bend the beam onto the target, To
reduce the voltage, it was necessary to make the lens stronger, which was
achieved by iﬁcreasing the length of the inner cylinder and reducing its

diameter.

3.5 FUNNEL

This device is used to ease the alignment requirements on the target. The
function of the funnel is to position and center the electron beam, after it
is bent by the Einzel lens, onto the target. Two differgnt structures were

used, The first was a magnetic funnel, The iron-core magnetic circuit
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produced a high density of field lines through the target and hence focused
the electrons onto the target position. The effectiveness of this design
depends on the highest achievable magnetic field and the length of time an
electron spends in the field, Experimental results showed that the funnel
functioned properly. However, the input power required (250 mA at 30V)
was too high and did not permit efficient heat-sinking of the target, An
electrostatic funnel was therefore developed which could be built on the

target heat sink,

Consider a three cylinder Einzel lens, If one cylinder is removed and a

flat plate perpendicular to the cylinder axis is inserted in place of it, a
funnel-like device results, The design of this device is now similar to the
design of an Einze! lens and the data of El-Karch et al, 2,3 may be used, The
flat plate constitutes the target mounting plate, and the dirnensions of the
cylinders are chosen to achieve strong lensing action and also allow for

easy entry of the converging electron beam which emerges from the pro-

cessor Einzel lens, Figure 3, 15 shows the funnel and target assembly. -

3.6 TARGET

The target is a single silicon p-n junction device, The main program re-
quirements in the development of the target are to achieve 5 GHz bandwidth
and 0.1 ns pulse rise-time into 50Q when the device is excited by a2 modu-
lated electron-beam sources, Target life under bombardment by 10 keV
electrons is also of primary concern., Semiconductor diodes usually show
degradation in their reverse current-voltage characteristics in an electron
beam environment. The degradation is associated with an increase in re-
verse current and a decrease in breakdown voltage. This damage is not

fundamental and may be prevented by proper design, to be discussed below.

Consider a p+- n -~ n+ diode with an electron beam incident on the p+ side
of the device, It can be shown that for maximum bandwidth the device must

satisfy the equations4
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Figure 3,15, Schematic of the funnel and target assembly,
Dimensions are in inches,
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u)3db- T = 1.895

RC T/2.77

u

T = W/v
8

where ®a4b is the 3db frequency, T is the electron transit time across the
deplefion region, R is the load impedance, C is the device capacitance, W
is the depletion region width, and A is the electron saturation velocity,
The capacitance is given by

€ eoA

C = W

where A is the diode area, ¢ is the diode dielectric constant, and € is the
: w3db=SGHz. R=50Q, andvs=
8 x 10° cm/sec for Si, the above equations give tl_w following design para-

- permittivity of free space, For ¢ = 12,

meters:

11 11

2.2%10 " sec
.44 pf
150 um .

T = 6x10° " sec RC

W = 5um - C-

A=2.2x10 mmtD

1]

where D is the diode diameter., The saturation velocity of ~8 x 106' em/sec
is reached in Si at an electric field of about 20 kvlcms. Therefore, for
W = 5 um, a reverse bias of at least 10V ia needed on the dicde to insure 7‘
saturation Qelocity conditions in the depletion region. On the other hand,
whether 10V bias will actually deplete a 5 um junction depletion region
depends on the n-layer carrier concentration. For a p*-n step jmxc'tioné_

| 22 € Vo Vo ' ‘

NB 5 a .- F)

W
where V is the reverse bias, Vo is the junction built-in voltage, and NB is
the n-layer doping. . The ratio V + VOIW is the averags junction electric
field E, Hence :
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Using E = 20 kV/em, W = 5 um, and 2= 12, we find NB = 5x 1014 cm-s. That
is, the n-layer resistivity must be p = 9 Qcm7. For a p+ -n diode, if pis
chosen larger than that calculated above, the junction width at 10V will ex-
ceed 5 um and the average junction field will be less than 20 kV/cm. Both

of these will result in lower bandwidth, On the other hand, if p is chosen
smaller, a voltage of more than 10V will be required to achieve a 5 ym
depletion width. The average junction field will also exceed 20 kV/cm, and
at 5 um depletion width, the device will satisfy maximum bandwidth require-
ments, However, because of the larger needed reverse bias, power dissipa-

tion will be higher than in the case with o= 9 cm,

For a p+-n-n+ diode, the n- epitaxial layer should be exactly 5 um. The
resistivity may then be chosen greater than 9 %cm, Thus at 10V, the whole
5 um n-layer will be depleted and the electric field will be at 20 kV/em,

The penetration depth of 10 keV electrons in Si is about one micron. The
_energy loss profile iz not linear in the 1 um region and peaks within this
distance, 8 Hencé, for efficient carrier multiplication and collection it is
desirable to locate this peak in the depletion iegioh. From the data of
Reference 8, the junction depth, i.e., the thickness of the p*-lﬂyér,shoum'
be 0.3 - 0,5 um, | | - a

The above data provide all the uecéssaw information for the fabrication

of devices, However, other considerations are necded in oxder to achieve

a reliable device under eloctron beam bombardment, -E‘or tiﬂpassivamd o
diodes, direct exposure of the juaction depletion region to an e~beam results
“in an appreciable incresge in reverse leakage current. This ‘is probably '
due to creation of tunneling and/or peneration-recombination centers in the
junction. For Sioz_gmssiéated diodes, charging of the oxide laver by an

‘electron beam will create a field-induced junction and inversion layer under
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the oxide and hence will give rise to channel currents and low breakdown
voltage. 6 The principal problem is therefore to provide for complete
passivation of the device where the p-n junction interfaces the surface.
The usual SiO2 passivation is inadequate as described above. To deal w1th
the problem, we have used two techniques: (1) the use of polycrystalline
silicon for electron charge leakage and as a protective beam shield on the
oxide layer, and (2) a p+- guard ring at the junction periphery which removes
the junction interface at the surface to a more protected region under the
oxide, Also, a diffused 0.3 pym pJr region has a small radius of curvature
Awhere the junction reaches the surface., This small radius causes pre-
mature breakdown near the surface, The guard ring provides for a much

larger radius of curvature and hence eliminates the difficulty.

Our deposited polvcrystalline silicon has sheet resistivities of the order of
0.5-1 megohms /cmz. 'F«urthe'rmore, ‘we have not ébserved any appreciable
carrier multiplication In poly-Si when bombarded by up to 15 keV electrons,
Therefore, the material provides good shielding without affecting high freq-
uency device operation. Nevertheless, the poly-Si é.nd the guard-ring add
some extra capacitance to the diode which will reduce the bandwidth by

10 to 15%, especially since the didde»gapaci‘tasj{:e_is calculated to be as low
as 0. 44 pf. : o

Figure 3, 16 shows our taé‘get design tased on the above analysis, The out-
put current is specified at 20 mA. At 10 kV, we expect, due to losses in
500 A aluminum'la‘.yer, a Ca»rrier'iﬁnlﬁplicaﬁbn of about 2000. The diode
output current déhsity is 100 v'mA/cmz&_ Hence, a b-eam current.density of
100/2000 or 50 mA/cﬁia is nee’ded.r At 11V bias, the power dissipation in
the targe* is 1 kW/cmz peak_{rorﬁ the power supply and 0,5 kW/sz from
the beam, ‘Total peak power -'diasipé.ted in the 'target is 0, 3W, Actual

‘average power depends on the mode of operation (beam on target with |1 or
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0 ) and the ratio of the number of 1's to 0's during use, The design of the

heat sink is given in Appendix II,
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The following steps were used in the fabrication of diodes:

1.

10.

1.

12,

13,

14,

) IS¢

16|

MATERIAL:

EPI-GROWTH:

OXIDATION:

PHOTOTECH:

P+ DIFFUSION:

POLY SILICON
DEPOSITION:

5i0, DEPOSITION:

2
PHOTOETCH:

OXIDATION:

PHOTOETCH:

P- DIFFUSION:

PHOTOETCH:

METAL

DEPOSITION:

PHOTOETCH:
PHOTOETCH 8i0

METAL :
DEPOSITION II:

0.01 Qem, [111] Silicon, Sb doped, 2' diameter,
0.014 %0, 002" thick etch-polished

Resistivity: 10 + 2 Qcm
-1

Thickness; 5 f fg } "

Thickness: 0.47u

P £Guard Ring

Diborane deposition

P *xdiffusion

Sheet resistivity: 15 £2 Q/0
Junction depth: 2 #0.5p

[ +0.23
0,1 M

Deposit Poly Si, Silane 1,2
Deposit 0,4 +£0, 1 u Pyrolytic SiO2
Photoetch Poly Si for diffusion
4700 }

P- diffusion window
(Leave SiOz on poly silicon)

Sheet resistivity: 800 Q /0

Junction depth: 0,3 Ifg (1)5‘ b

Contacts in SiO2
Deposit > 10,000 & Al

Etch thick metal pattern

X Etch SiOZ over poly silicon

Naposit 450 £100 X Al
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17. PHOTOETCH: Etch thin metal pattern .

)

18, ?ESES.TRICAL Breakdown voltage and reverse current

19, BACK LAP: Remove oxide and diffused layers
20, DEPOSIT GOLD: Deposit 0.2 #0, 05 4 Au on backside of wafer
21, SCRIBE AND BREAK

22, FINAL ELECTRICAL
TEST: BV, &I

R R
Several methods were used for mounting the targets, Soldering directly to
a gold-plated heat sink was unsuccessful. Bonding the diode on the heat
gink using the gold-silicon eutectic resulted in cracked diode during the
cooling cycle due to the largs difference in the thermal conductivity of
silicon and copper. Bonding on the heat sink using gold-tin preforms,
however, resulted in well-bonded diodes. This configuration required a
dc block on the target output when installed in the e-beam processor. Since
dc hlocks with sufficiently wide bandwidth were not available commercially,

the above method of target mounting was discontinued,

The diode was then mounted on a gold plated 7x 7x .5 mm3 BeO chip using
gold silicon eutectic bond, The BeO chip was then soldered on the gold-
plated heat sink in forming gas atmosphere. In this mount, the BeO chip
together with two high frequency 100 pf ATC 100 capacitors provided the
capacitive RF"bypass for the power supply. The top connection to the diode
was provided by making an ultrasonic aluminum bond from the target bond-
ing pad to the conter conductor of a copper-shielded 50 Q cdax cable which
was mounted right next to the diode. This achieved coupling the output
signal from the diode to a 50 ) load with very little stray inductance or cap-

acitance. Figure 3,17 shows the tarpet circuit diagram as described above,

In Figure 3, 18 a photograph of a mounted target and heat sink is presented.
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Figure 3,17, Target circuit diagram,
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Target assembly and heat sink,
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SECTION IV

SOLID-STATE PROCESSOR DESIGN

Qur original solid-state processor design included a phase-locked-loop
circuit in place of the oscillator shown in Figure 2.3. The design was
based on the assumption that all input data were synchronized with a
15.625 MHz (i.e., 1/64 ns ciock rate, where the multiplexing period is

64 ns) clock &riving the phase-locked-loop. The latter consisted of a
phase detector, an active filter and a voltage controlled oscillator in line
and a divide-by-8 ripple counter providing feedback from the oscillator to
the phase detector, The VCO was tuned for oscillation at 125 MHz, How-
ever, if the input clock rate changed, the dc level at the active filter would
change, which would in turn change the VCO output frequency. The phase-
locked-loop circuit was therefore used to (1) provide an oscillator output
phase-locked with the multiplexers outputs, and (2) achieve a versatile
system that would automatically accomodate any small variation in the

input data rate (i.e., the clock rate).

Results on a fabricated phase-locked loop circuit showed that the circuit
responded to variations in clock rate in a time period much longer than

the multiplexing period (for 128 data lines) of 64 ns, The slow response

is mostly due to the high Q resonant circuit of the VCO, In addition, the
deflection system uses high Q tuned circuits which are expected to have
very slow transient response, Therefore, the second function of the phase-
locked-loop circuit mentioned above could not be realized, The feedback
loop also produced some jitter (mostly FM) in the oscillator output that

was difficult to eliminate. Hence, the phase-locked-loop was replaced by

an oscillator, Thus the solid state processor circujt includes a capacitively

tunable oscillator, a divide-by-8 counter, and an 8-bit multiplexer. In

the complete circuit, 16 multiplexers are necessary to drive the 16 address

gates of the E-Beam Procussor. In this program, however, only one multi-

plexer is used to demonstrate the dual-stage processing. The processor
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outputs are amplified by a set of amplifiers for coupling to the e-beam

processor, The above components are described below.

4,1 OSCILLATOR AND MULTIPLEXER CIRCUIT

The solid state procesor performs the following basic functions; (1) gen-
erates the 125 MHz sinusoidal signal for conical beam deflection, (2) syn-
chronously and binarily divides the sinusoidal signal by 8 and (3) multiplexes,

8 data input lines into 1-line to provide the address-gate drive signal,

The 125 MHz oscillator consists of an emitter coupled logic integrated cir-
cuit, MC1684L, with an L-C tunable tank circuit, The frequency of oscil-
. lations can be varied by varying the capacitance of the trim capacitor in

parallel with the coil,

The output of the oscillator (125 MHz) is coupled to (a) a 50 Q output (to be
connected to the conical-beam rotation amplifier input) via a capacitively
coupled narrow-band 1200 to 50 Q Tee network impedance transformer, and
(b) the divide-by-8-counter input circuit, The 1200Q load impedance is
required at the output of the MC1648L oscillator,

The divide-by-8 synchronous binary counter consists of 3 MECL "D" flip
flops, MC1034L, and a one-fourth MECL NOR Gate, MC1664L., The three
output gates which provide the drive signals to the multiplexers include two
1/4 MC1664L gates and a 1/2 MC10110L, gate., A schematic diagram of the-

oscillator and counter circuit is given in Figure 4.1,

The multiplexer is an 8-line to 1-line emitter-coupled logic, Fairchild ECUL
9581, With 23 input data lines, it requires 3 line-select inputs with binary
word encoding., The divide-by-8 synchronous counter supplies the latter

as a binary word generator, Because the counter is a synchronous unit,

the multiplexer output is synchronized with respect to the oscillator output.
This synchronization establishes a fixed phase/time relationship between

the data arriving at each gate and the beam rotation and prevents any data

from not being processed,
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The multiplexer output, PIN No. 6, should be connected to the input of the
address-gate driver amplifier, For test purposes, the 8-line mpx inputs
are provided by an ECL "D" flip-flop, MC1034L. Alternate inputs are
connected to ¢ and Q res pectively to demonstrate the system's multiplexing
capability (Figure 4.2). This produces a continuous 1-0 bit pattern at the

multiplexer output,

The power requirement for the circuit is -5,2V (£0,3V) at 500 mA. The

circuit is provided with a dc input, and the nscillator and multipiexer outputs,

4.2  AMPLIFTIERS

4,2.1 Conical.-Beam Rotation Amp].ifiei'

The amplifiers drive the horizontal and vertical deflection circuits of the
conical beam rotation system. Two 500 outputs are provided for the twr
deflection circuits and a single 50Q input connects to the output of the oscil-

lator in the logic vircuits. A maxiraum of 8W per outpu't has been achieved.

-at 125 MHz with about 180 mV peak frorn the oac111ator. Higher output levels

are possible with more mput power,

The amplifie"rs'a.re designed in two sepa’rate"SOQ syst’éms. The two-part
design is done in order to facilitata attenuation and/or phase shifting of

one output with respect to the other at low power levels. Thus, a phase

_ shifter and a power attenuator may be used in between the two amplihers

to achieve the required functions, Thc phase shift and power attenuation
are needed for adjusting the signal phase and amplitude at either the hori-
zontal or vertical circuits of the conical beam rotation system. The sig-
nals arriving at the two circuits must have approximately 90° phase differ-

ence.

The first part consists of a three-stage Class A tuned transistor amplifier

with a 501 input line and two 50Q output lines., (If only one output is being

" used, the other should be terminated by 50Q1). The maximum power level

obtainable in the two outputs is 1. 5W, The transistors are Motorola
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2N3866, and the tuned input and output circuits for each transistor are de-
signed on the basis of the following y-parameters supplied by the manufacturer
for Class A operationatl =80mA, V =15V, wherel and V__ are the

c ce : c ce :

(dc operating point) collector current und volitage,

Yll

Yo

36+l Y, = -jLs

20 - j300 Y22 = 1.5+ )5

1t

mmohs

1

The output circuit for each transistor is designed for 1600 (dynamic) load
impedance. The schematic diagram of the amplifier and the component

values are given in Figure 4, 3,

The second amplifier is made of two single-stage Class C tuned transistor
amplifiers, with each looking into a 50Q terminated load, The transistors
are Motorola 2N5642, and the following input and output parameters (manu-

facturer's specifications) were used for design at 125 MHz.

Cy = 65PF Ry = z.sq
2
(vccivsat)

1. Zp
4]

11

c, = 46» pF R

- where, C,m. Co = input and output capacitance

AR.’R

in = input and load resistance

L

The schematic diagram of the amplifiers is shown in Figure 4. 4.

4.2.2 Deflection-Address.Gates Amplifier _
This amplifier system drives the deﬂecﬁon-addrebs-gams. The output im-

pedance §s therefore a parallel RC, where C is the gate n*ipncitance, and
R is the terminating resistor which is also used for charge leakage from
the gate when the latter is bombarded by electrons. Theé requirement here

is large gain, high output power and wide bandwidth, The output of the
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ECL gate circuit is 0,6 - 0.8V, and the amplifier should amplify this to
more than 25V ia order to deflect the beam on or off the target, Further-
more, the amplifier should have sufficient pass-band to amplify an 8-ns
pulse and a, say, 80-ns pulse to the same output level without too much
pulse distortion. These requirements make inter-stage and loac coupling

difficult; AC capacitive coupling cannot be used and direct coupling is al-

most mandatory. Furthermore, the multiplexer output requires -1V dc

. level on the load termination., The amplifier input must therefore provide

this dc level,

The design has been achieved by using a two-stage amplifier consisting of a
Class ‘A driver and a transistor switch output stage. The circuit diagram
is shown in Figure 4,5, Care must be {aken that the power supplies are

, V., V_, respectively, in order to prevent dam-

turned on in the o_rder V3 2 Yy

age to the transistors., Output pulse waveform can be adjasted by slowly

varying V_or V_. Also, Vl should be more than 1. 5V positive with

Iy 2 '
resgpect to Vz. The voltage ranges are miven below: \"3: 20-30V, ‘VZ: -14
to =16V, V. : =12 to -14V, *

12




Y3I4IT4WY AINAL I SSYTI 39VIS-3T9NIS ¥ F 3¥N914

suany ¢ yn -0 i
su4ng l yrn gz2° , 9
suany G'p Yt pi° *1
id Sl dd Sl $3
0Z-1 44 81 v
yr g-| yr 3° 1 234 T
s 00l 8 061 ty indino
udny ¢ yu 08 3
4id § 4d § , £)
uany g yu 62 i1 S
uany G- yu 2z ' :
Ctl - 08 dd 95t b gt
0¥l - 08 id §21 i
1S31 HON38 a31vindivd S3NIVA 1NING4HO0D

4314V 1INJAYIJ WNI

431714
ZHW S2l

305 100
°7

UU>

AZ¥82 &5 ©
dVdl ZHW 05

RRE - TSE T T

R I R I OV F L P12 A

D ,.11‘\.“?....‘&%&3:%431 e




Ve *)our -

758

2N5635 §RL

IN(e

Figure 4.5, Deflection-address-gates amplifier,

COMPONENTS :
Transistors: Motorola 2N5583,-‘2N5635
R, = 2.1 KA, R, = 190 @, Rg = 10 @, R = 100 &
Ce = AYC 200 PF chip m parallel with 200 PF
C, = ATC 470 PF chip in parallel with 0.1 uF and 100 FF
C = 0.1 uF in parallel with 100 PF




y

R B T e e e et e

e -
o 30 L St T M et om0y b R e g o v

P T

AT, 22

SECTION V

RESULTS AND DISCUSSION

During the course of this work various experiments were done to check each
component of the processor for proper operation. After the completion of

the device, several tests were made for its evaluation,

Test resﬁlts ‘w.ith thé electron gun indicated that it provided sufficient electron
current at 10 kV to produce the specified 20 mA target output current. Due
to the 'rather long travel distance from the gun to the target, the beam spot
at the target position was about 2 mm in diameter, as measured on a phos-

phot screen,

The realization of a satisfactory beam-rotation deflection system has been
the major problem area. With the double pair of horizontal and vertical
deflection systems a circular beam rotation pattern was achieved at the
deflection-address gates, However, the pattern was elliptical after the

beam exited the gates, as expected,

Conical beam rotation was produced by three pairs of deflection plates with
cach pair series resonated at 125 MHz. Soma distortion in the rotation
pattern could be cbserved at large deflection amplitudes due.to the leakage
fields at the end of the third pair of deflection plates (the electron beam
exits the deflection system at the end of the third pair of plates), The dis-
tortion cquld also result from poaaible distortion at the amplifiers outputs

at high power levels, or from an uncommon center of deflection,

‘The deflectron snd daﬂéction magnifier system gentrated a satisfactory

conical rotation after the coupling between the two deflectron axes wus tuned :

out, Precise resonating of the two axes was also critical in achieving cirs

cular rotation pattérns. Again, some distortion in the 'pattérn wa-s':..ot‘:serrvcd' o
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when the amplifiers used in the deflectron circuits were over-driven, How-
ever, the amplifiers that were developed for this program provided enough
power to obtain satisfactory conical rotation with sufficient amplitude for

the beam to clear the deflection-address structure.

With the beam bent and focused on the target, a voltage of 25V or less on an
address-gate was sufficient to deflect the beam off (or onto) the target, Some

of the other results on the gate system were described in Section 3, 3,

Test results with the Einzgl lens showed that with the beam at 10 keV, a

p&tential of about -6, 5 to -8 kV was sufficient to bend the beam (emerging

from the address-gates) onto the target. The actual voltage depended on

the voltage setting on the funnel. However, due to lens aberration, the beam

spot at the target in the absence of a funnel voltage was too large, indicating
“that a cross-over was formed in front of the target plane, as discussed in

N Section 3, 4. With the present lens design, the 20 mA target output current

- ‘could not be achieved without the funnel,

The targctbhlse response was measured at various stages of the target de-
© velopment effort. The first set of targets fabricated were Si p‘*‘ -n diodes
with no n’ substrates, These diodes showed a series resistance of about
-40; - 70Q, fypically 50Q1, and hence the diode pulse rige-time was ,about
0,2 to 0,25 ns. The séries resistance resulted from the resistance of the

A _“.n-layer and the contact resistance at the bottam of tha chip.  In addition.
the ;:olf-Si'layer on the diodes was 0.7 um and was not sufficiently thic_k

. to stop 10 keV electrons from psnetrating into the oxide iayer (coe '.l-'_‘igum

3, 16), '

The next set of targets were pJ on-n' diodes with a 1 to 1.2 um poly-Si

""l',mtecﬁve layer and did not oxhibit the '5bﬂ-ﬁeri_es resistance. The pulse

"-v_,‘meponso of the diodes showed a 10-90% pulse rise-time of about 0. 15 ns,

_ ..1:-‘urthermo;m, ét-a\. pulse-width of about 0, 3 ns, the pulse amplitude was

©. still equal to the target dc output, indicating that the target had sufficient
bandwidth to do better than 2 Gbit/sec processing, .
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The target pulse response was measured by sinusoidally deflecting a beam
back and forth across the diode. The deflection amplitude was much larger
than the beam width of about 3 mm. Consider sinusoidal deflectiony = Y.
sinwt, which for smally, becomes y =~ Y wt., The beam is on the target a
time period equal to the time it takes the beam to move one beam width,
That is, At = (2 yo/Yw) = (2 yo/Y) (T/wT), where Zyo is the beam-width
and T is the sine-wave period, For T = 8 ns, 2 Yo =0.3cm,and Y=1cm,
At = 0.38 ns, i.e., target output pulse width is about 0, 38 ns if the target
has sufficient bandwidth to pass the pulse without broadening, Note that the
pulse width can be changed by varying the deflection amplitude Y or the
period T. Figure 5.1 shows a typical target response, Target life

under 10 keV electron bombardment varied from diode to diode, This

was traced to a misalignment in the diodes processing masks which

had occurred at the step-and-repeat point of the processing cycle,
Consequently, in some diodes the Sioz layer was exposed whereas in

some it was not. A new set of masks is therefore necessary to fabricate
diodes which do not degrade in an e-beam environment., (Sufficient funds

and time were not available in the program to fabricate new masks,)

Figure 5.2 shows the completed e-beam signal processor with the target

flange not inounted, “The tube has three ‘o ring flanges which permit

the rermaoval of the gun, the deflection-address gates, and the target agsembly. )
On the target plate, the target assernbly could be removed and a phosphor
screen inserted in piace of it. Beam alignment and proper conical beam
rotation could thus be checked on the phosphor screen,

To test the completed e-beam processor, the phosphor screen wae used to
align the beam, produce conical beam rotation, and focus the beam onto the
~ target position after it éxited the address-gates structure. The voltages on
- the varidus components of the processor and the RF frequency on the deflec-

tron were recorded. The phosphor screen was then replaced by the target
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Figure 5,1, Signal Processor target pulse response,
Horizontal 0.2 ns/div, vertical 10 mV/div,
Sampling scope rise-time: 25 ps,
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Figure 5,2, Signal Processor tube built at Warnecke.
Target flange is not mounted.
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and an output was obtained at those pre-recorded voltages and frequency.
The maximum pulse amplitude achieved was 1V, and the minimum pulse
width wasg 0.5 ns. Pulse rise-time was in the range 0.25 - 0,4 ns, This
long rige-time compared to 0.15 ns measured for the target may be due to
(1) the beam spot being too large at the address-gates, (2) fringing fields

on the address-gates which have the effect of increasing the beam rise-time,
Gate-to-gate coupling could also produce a long output rise-time, but since
the coupling has been greatly reduced by putting a grounded fin between two
adjacent gates, coupling is not expected to contribute to the long rise-time
problem, The Einzel lens and the funnel voltages to produce 1V output

were at -7 and -6 kV, respectively.

Not all the gates could produce an output signal; the variation of the voltage
on some gates did not change the output state (1 or 0). There are only two
possible explanations: either the beam did not clear those gates or the target
was off center, The latter was more likely, though a small variation on the
phase or amplitude of the deflectron input signals could change the beam
circular pattern at the addreasi»gates structure, The difficulty was tlat
neither the beam alignment (with téapact to the target) nor the conical

rotation could be checked,

In order to be able to do the above chock-out, a new target plate with a built-
in glass phosphor acreen was designed, ‘The pla.té would have a phosphor |
screen ring arqu,nd,thé targét heat sink that would allow seeing the circular
beam rotation pattern with the funnel voltage set at zero, Fabrication of the
_ptrucfure. however, has not beon completed because some difficulties were
encountered in making a 'glaés-»to-metal seal on the two edges of the glass

ring.

The interfacing-of the solid state processor and the e-beam processor has
been achieved smoothly, The power delivered by the deflection-system

amplifiers was more than sufficient to generate the desirved conical beam
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rotation, Up to 18W in two outputs was achieved at 125 MHz, Also, the
output signal from the address-gates amplifier was large enough to deflect
the beam on or off the target, In addition, the amplifier output waveform,
measured on a sampling scope, did not change appreciably when the ampli-
fier output was connected to an address-gate (in parallel with a terminating

resistor which was the scope 50 Q input impedance).

Figure 5, 3a shows the multiplexer output 1-0 waveform pattern, This signal,

amplified by the address-gate amplifier, is shown in Figure 5. 3b, The

load in Figure 5, 3b is the parallel combination of a 50 ¢ terminating resistar

and a 5 pf capacitor simulating an address-gate capacitance. By changing

the amplifier output impedance to 750, up to 30V of signal has been achieved,

The higher impedance was used in order to reduce power disaipation,
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Figure 5, 3,

(a) Multiplexer output 1-0 pattern,
Horizontal 5 ns/div. Vertical 200 mV/div,

(b) Signal in (a) amplified by address-gates
amplifier, Harizontal 5 ne/div, Vertical
4V /div,
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SECTION VI
CONCLUSIONS AND FUTURE EFFORTS

A dual stage signal processor system has been developed which has the poten-
tial for achieving output data rates exceeding 2 Gbit/sec. The system con-
sists of an EBS signal processor driven by a solid state stage. It is shown
that the latter may be fabricated from commercially available high speed

integrated circuit chips and can be efficiently interfaced with the EBS

processor stage,

The s0lid state processor would multiplex 128 input data lines into 16 lines

using 16 multiplexer sections. Multiplexing of 64 ns input data pulses into

8 ns pulses was demonstrated by fabricating one multiplexer section. The

EBS processor multiplexes 8 ns data pulses from 16 lines into a single out-
put with 2 Gbit/sec Jata rite, Output pulse amplitude of one volt into 50

load and pulse width of 0,5 ns has been achieved,

The EBS processor includes an electron gun, a deflection system which
launches the beam into conical rotaticd, an address-gate structure for putting
information on the beam, an Einzel lerns and an electrostatic funnei which
bend and focus the bsam onto the target, and a Si p-n junction target,

The major problem area in the development of the processor has been the
realization of conica! beam rotation. | The latter was achieved by a deflectron
and deflection mangifier system and also by a set of three pairs of electro.
static deﬂecfion-plates. However, the two systems are not optimized and

further work is ngéded in this area,

Unfortunately thé duration and scope of the program effort haa been too
limited to allow the optimization of thé processor ay:steh\. For example,
the signal processor output pulse rise-time is not satisfactory. Although
‘a target rise-time of 0. 15 ns was ceraonstr.ted, the processor output rise-
. time achieved has been 0.25 na 6r higher. In additiéa. the random switch. -
ing of only some, but not all, of the 16 g&téé of the EBS processor could be
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demonstrated. These problems can be solved by incorporating the improve-
ments discussed below. Furthermore, the additional effort should significantly

upgrade the signal processc.: performance and result in an optimal design.

a) The defl‘eétion system, althoﬁgh presently satisfactory, should be sim-
plified. It is especially desirable to remove the; deflection magnifier.
This will permit the electron beam to reach the target position along
the center axis of the processor tube when the deflection system has
no RF input. In this manner the alignment of the target and the electron
beam aldn'g the center axis can be checked and corrected, In'é.ddition,
one input vdltag'e' port to the tube will be eliminated. With the removal
of the deflec_tion\ magnifier, however, a higher deflection sensitivity
must be obtained, The latter can be achieved by designing a longer
deflectron or using an optimal systern of electrostatic deflection plates,
and by post acceleration, i.e., generate conical rotation at a low bram
vcltége, say, 2-4 kV, and then post accelerate to 10 kV at the deflection-
address gatés. Note that a post acceleration just in front of the gate |
‘system may be designed to bend the beam to a dirgétion parallel to the
canter axis, This would considerably s{implify't}_\e co;istru_cﬁdn of the

gate structure,

b) Ui order to reduce the péccf»zs.sor autpﬁt pulse _rise-tiine, the beam spot

size at the address«gates muﬁi be reduced and the gate atfm:mxfe should

be redesigned. The fringing ficide on the gate can result in an appreciable

 broadening of the pulse rise-time, A profile of the electric field lires
on cach gate should be plotted to detei mine the extent of the fringing

" fields spread and arrive 'ai an optimal gate design that can achieve less

* than 0.1 ns beam pulse rise.time at the target, Ie'ia‘s also desirable to

~ have the electron beam enter the gate stmct\ire paraliel to the tube :{xis
rather than in an im'gle. This wmajb not wﬁy sllm ﬂva the gate siructure
fabrication, but would aire v \m«m theo aherration pn.twlmw at the E: wzeli'
lens, As axplamed fnoaj ub we, nvmﬂng the beanm m wra‘!el the ce.ner |

:nus may be :\cluw&d Ly post acceleration.
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The spherical aberration on the refocusing Einzel lens needs to be re-
duced, Spherical aberration produces a.cross-over in front of the
target plane and hence a single spot will not be formed at the target,
This could contribute {o not being able to switch all the bates as' men- |
tioned atove. Theoretical results of ElKarch and Sturan 3 may be . -
used for lens design optimization. Better resu].ts may also Be obtained

by putting a second lens in front of the electrostatic funnel

A double pair of horizontal and verticallelectrostatic ‘deflection plates
may be used just in front of the funnel to elirninate the target ahgm—nert
problem. The electron beam is bent by the Emzel lens and goes thmugh

these deflection plates before it reaches the target plane. . By varying

. the voltages on the plates, the beam position «,an be changed until 1t

coincides with the target. Hence. switchmg m all the gatos can be
insured, '

A new set of targuts with new prowssmg maaka sho\ud be fabricated
to insure target long life under e-beam bombardment T‘urﬂwrmom, _

it is not at all c¢lear if the present design reqmrememu are optimal -

for dtiving a PIN diode at rates of ~2 Gbitlsec. ‘Neither the 8 GHz

bandwidth nor the 0.1 ns rise-time spegihed in the cenfra;t gaa!s are

‘nacessary requirements for 2 Chit/acc sighal pfocesaing_. ‘A significant

improvement in the output. sigml mgiplimde_g(_by almost a factor of 3)
can be achieved by designi g the target for 3 GHz bandwidth, "I‘hi‘s- will

“incroase the actuial measured target riseotime to 0.2 2 nd, but thie a\sex

time to the one v_alt {or 20 mA) level will be less t.aap 0.1 na, Iu, a;i.dit;on.}

the dynamic impedance of t’hé PIN diode modulator is not known, and the

50 output impedance fet;'uirémont-is_ not esrential, The 1ultiﬁ$aw~ opti.
mal system is to fabricate the EBS target and the DN divde on the same

silicon chip so that the two devices are in close proximity and the @*aup— o

ling of the'signal from the target to the PIN diode can be achieved most
efficiently, In this case, a computer snalysis of cireutt model ;Svifem}\;»:
tation of the PIN disde should be made so that an optimal ERS target .
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may be designed., With the above arrangement, a waveguide must be

built into the signal processor target assembly,

f) The construction of the e-beam processor may be considerably simplified
by reducing the number of gates from "6 to 8. The beam deflection am-
plitude will be reduced by half and this will significantly improve device
performance. Because of the smaller deflection radius, the Einzel lens

will be smaller and the aberration problems can be to 2 large extent

eliminated, In addition, less beam defocusing will occur and a higher
beam current density (and hence output) may be realized at the target.

The only draw-back may be the solid-state processor design. The

rotation frequency will be 250 MHz and the solid-state processor must

be capable of 250 Mbit/sec data rate, Since we have already realized

a 125 Mbit/sec system, the development of the 250 Mbit/sec system,

though costly, seems quite feasible,

Finally, the intended application of the EBS processor in this program is
driving a PIN diode modulator in millimeter-wave communication systems,
This application needs to be demonstrated with an experimental wave-guide

system using a ” Gbit/sec PIN diode switch for biphase phage shift keying.
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APFENDIX I

CONICAL BEAM-ROTATION BY ELECTROSTATIC DEFLECTION PLATES

Consider two pairs of horizontal and vertical deflection plates used to deflect
a constant velocity beam in a field free region, as shown in Figure [-1. Beam

deflection amplitudes 2t z= L from the end of the vertical plates are

Vy» b (L + %) .
y(L) = (1)
ZVBa. .
Vx‘b- (L-%-d)
x(L) = ZVB-a (2)

where VB is the beam voltage, VY and Vx are signal amplitudes on the de-
flection plates, and the other dimensions are shown in Figure I-1. In order
to obtain a circular pattern at z = L, we put Vy = Vl ginwt, Vx z V2 coswt’,
where t’ is the time measured in the horizontal deflection plates coordinates;
thatis t' =t - v, where T is the electron transit time for a travel from the

beginning of the vertical plates to the beginning of the horizontal plates,

In general, the beam traces an alliptical pattern at a plane located at z = L,
This should be clear since the beam travel distance to the plane z = L is
longer for the vertical plates than the corresponding distance for the hori-
zontal plates. To correct for this difference, Vl may be reduced with re-

spect to V,, That is, a circular pattern is obtained at 2= L if from Eqs,

. 2’
(1) and (2),

b b
V(L :,:) @ V, (L3 '_d) _ {(3)

However, the pattern is elliptical in any other plan % # L. The difficulty is

that a cormmon center of deflection does not exist for the two axes.

Now consider three pairs of deflection plates, a vertical-horizontal-vertical

system, as shown in Figure [-1, By proper design, it is possible to make
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(a)

(b}

Figure 1-1,

e

Electrostatic deflection plates,

(a) A double pair of vertical and horizontal
deflection plates,

(b) A deflection system for generating comcal
beam rotation,

(c) Bell-shaped deflection plates used to mini-
mize fringing field effects.
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the center for vertical deflection coincide with that for horizontal deflection,

The amplitudes at z = L are

V *b+{L - - d)
2 (4)
2V_.a

x(L) =

lav)
o

V .+ b (L+2) v 'b-(L--%-lz'-Zd)
. (L) __yl +_y2 2 (5)
y = 2V, a 2V a

[ 1R

AT

Again, we set the voltages as,

Iy ¢ o

t Vyl z VI sinwt

M e LT o s T v T TS

V coswt’ t'=t-n

X (6)

<
H]

Yz Vl sinwt tY =t .27

<
u

W 5 Yo P revR?

{ and Eq. (5) for maximum beam deflection amplitude becomes

b'VlEZL-b-Zd'I

Y‘mm‘:u") ® 2 VB ‘a (N

I3

. . ' PR
If we now sct ’l = V/2, we find xmax(L) = ymu(L) for all L and x{L) 4

y(L)z = consiant. That is, the beam rotates conically about the z-axis,

YA ST ST A 0, W T
»

There are other solutions for Eqs. (4) - (6) which also result in conical
1 1

1 2 ayl ® .Z.'ay?.’

where 3 is the gap between a pair of horizontal plates, ete.

rotation, For example, one may have V, = V and a =

To reduce the fringing field effects on the deflection plates, they may be

"shaped as in Figure I-1, This form was used in our axperiment.
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APPENDIX II

TARGET COOLING

Figure II-1 shows a schematic of target cooling arrangement. When an elec-
. 2 o s .

tron beam of power density 50 mA/cm ™ x 10 kV impinges on the silicon chip,

the power must dissipate at best within a few micrometers of the chip surface,

This heat conducts through the diode and then disperses through the copper

base blocl_<.

It is desired that the maximum temperature of the chip should be 150°C or
lower, The major temperature drops from the top of the chip to the ambient

forced-flow air and may be estimated as follows,

The heat generated by the dissipation of electron kinetic energy is

QA = 10 mA x10kV = 0.1 watt

The junction dissipation is

Q

B 20 mA x 10V = 0,2 watt

and the power per unit area with a 2.2 x 10°% ¢m? junction area is

q = 0.3/2,2 x 10'4 ~ 1400 watts/cmz

If the chip thickness & is 200 pm

10'z

2
k- wE ~ 19°C

Here, the thermal conductivity of 1. 45 watts/cm - °¢ for silicon is used.
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Vacuum

Electron
Bombiidment
TI L~ Chip

Copper Block

& o0

- Cooling Air at Tamb

Figure Il<1, Schematic of a target structure for thermal
analysis,
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Assuming a hemispherical copper block of 1.5 cm radius under the chip,
one can estimate the temperature drop from the chip-copper junction to

the outer surface of the hemisphere to be

Q (b-a)

2 "kCu ab

o]

where a = inner radius of the hemisphere assumed to be 0,25mm,

= outer radius of the hemisphere, 1.5 cm

Qo = total heat into the inner hemisphere which ias about 1
. watt for 0, 5 mm dia. beam,
ks, = copper thermal conductivity, 4 watts /em®c.

The temperature drop from the copper surface to the cooling air is

T.oT = % L. %
3 Tamb nDzIz air
-2 watts
where hair = 10 T is assumed for air at moderate cooling speeds.
cn C

Thus the total drop is
° o o o
'rl_-'r b=19g+8c+‘.’c-34 C.

If 30°C ambient air ria assumed, ’I‘l becomes about 64°C.

" The analysis above indicates that a copper base block of 3 cm diameter
with ambient air at moderate speed would be sufficient to cool the target
below 156°C,
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